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PTTRTNPOPRIL 



This invention relates to a process for preparing a pharmaceutically acceptable salt of 
perindopril, and a novel polymorphic form thereof. 

Perindopril is the international non-proprietary name of (2S,3aS,7aS>l-{2-[l- 

(efcoxycartonylMS)-^^ &Cid 
Perindopril is known to have therapeutic application as an angiotensin - converting enzyme 
(ACE) inhibitor. ACE is a peptidyl dipeptidase which catalyzes the converse of 
angiotensin I to angiotensin II, as well as causing the degradation of bradykinin. Angiotensin 
H is a vasoconstrictor which also stimulates aldosterone secretion by the adrenal cortex. 
Inhibition of ACE has, therefore, been shown to have therapeutic utility in patients suffering 
from disease states such as hypertension and congestive heart failure. In addition, it has been 
discovered that ACE inhibitors are useful in treating cognitive disorders. 
Perindopril has the following structural formula (I) 




(D 



Perindopril is described in US patent no. 4508729. Preparative processes described in 
this US patent are carried out in an alcoholic medium, and in the presence of a neutral 
dehydrating agent and an organic or inorganic cyanoborohydride. Deprotection processes 
can be carried out where necessary, for example with reference to hydrolysis and/or 
hydrogenolysis. 

US patent no. 4914214 describes a process for the preparation of penndopnl and its t- 
butylamine salt. The process comprises condensation of a protected ester of (2S,3aS,7aS)-2- 
carboxyperhydroindole with the (S,S) diastereoisomer of N-[(S)-l-carbethoxybutylKS)- 
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alanine, Mowed by detection employing charcoal containing 5% palladium and water. 
Terttary-tartylarnine is then added to yield the t-bntylamine salt of penndopnl. 

PCT patent appUcation WO 01/87835 describes a novel crystalline form, namely a 
e^altine form, of the ,-bntylamine salt of perindopril, processes of preparing the same and 
pharmacenticalformularionscomaimng the same. 

PCT patent application WO 01/87836 describes a novel crystalline form, namely 
crystelHne form, of the ,-butylamine sal. of perindopril, processes of preparing the same and 
pbarmaceuncalfonnnlatiomwntaining the same. 

PCT patent aoolication WO 01/87835 describes a novel crystalline form, namely T 
crystalline form, of me t-bmylamine salt of perindopril, processes of preparing the same and 
pharmaceutical formulations containing the same. 

PCT patent application WO 01/58868 describes a process of preparing penndopnl or 
phannaceuticaUy acceptable sails thereof, which process provides perindopril, or a sal, 
Leof, with improved purity. More particularly, the level of known impunt.es assorted 
with perindopril or a sal, mnreof, prepared according to PCT paten, application WO 
01/58868, is describe* as being less man 0.2 or 0.1% by weigh,. Intennetiiate process step, 
am carried out in me presence of 1-hydroxybenzouia^le, mcyclohexylc^dumrde and 
optionally nlemylamine, and a, a temperature in me range of 20 to 77EC, followed by 
deprotection and where required salt conversion 

Prior art processes for me preparation of perindopril, or phannaceuticaUy acceptable 
.hereof, have generally tended to be nme-cnnsmmng and have often resulted » 
^desirable associated impurities, such as diketopiperazine analogues. There is, therefore a 
need for an improved process for preparing perindopril, or pharmaceutioally acceptable safts 
thereof, which alleviates fire above mentioned problems. 

We have now developed a process for preparing a phannaceuticaUy acceptable salt of 
perindopril, which is advantageous in terms of a fester reaction time compared to known 
processes for the preparation of a phannaceuucaHy acceptable sal, of perindopril, and also » 
obviating ti* production of undeshable impurities so as to achieve a highly pure product 

In accordance with one aspect of tire presen, invention, mere is provided a process for 
preparing a pharmaceutical^ acceptable sal. of perindopril of formula (I) fiom a protected 
precursor compound of formula (II) 




0D ® 

wherein R represents a carboxyl protecting group, which process comprises subjecting a 
compound of formula (H) to deprotection of the carboxylic group COOR attached to the 
heterocyclic ring so as to yield the corresponding free acid, which deprotection is carried out 
in the presence of a base which forms a phannaceutically acceptable salt with said free acid 

formed by said deprotection 

Typically, R can represent any suitable carboxyl protecting group that can be 
selectively removed by a process according to the present invention. Preferably, R can 
represent optionally substituted aralkyl, especially optionally substituted benzyl. R can, 
therefore, typically represent unsubstituted benzyl; alternatively substituted benzyl can be 
employed, such as 4-halo substituted, or 4-C,^lkoxy substituted benzyl, especially 4-C1 

benzyl, or 4-methoxy benzyl. 

Suitably, deprotection as employed in a process according to the present invention can 
comprise hydrogenolysis in the presence of a noble metal catalyst, preferably palladium-on- 
chacoal. 

The process of the present invention is advantageous in achieving a highly pure 
product A phannaceutically acceptable salt of perindopril prepared by a process according 
to the present invention is preferably more than about 99% w/w pure, and more preferably 
more than about 99.5% w/w pure. The purity of a phannaceutically acceptable salt of 
perindopril prepared by a process according to Ihe present invention can be further enhanced 
by an optional crystaUisation step in a suitable solvent, such as ethyl acetate, isopropanol or 
the like, so as to obtain a phannaceutically acceptable salt of perindopril which is preferably 
about 99.8% w/w pure. 
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Preferably, the base employed in the process of the present invention is selected so as 
to form a pharmaceutically acceptable salt with the free acid formed by the deprotection as 
indicated above, whereby it is possible to obtain a pharmaceutically acceptable salt of 
perindopril directly from such a reaction work-up. In a particularly preferred embodiment 
fresording to the present invention the base comprises t-butylamine and as such a preferred 
process according to the present invention can provide a highly pure t-butylamine salt of 
perindopril directly from the reaction process. 

According to the above preferred embodiment of the present invention, there is 
provided a process for preparing perindopril t-butylamine (which is well known to those of 
skill in the art as being perindopril erbumine) from a protected precursor compound of 
formula (II) substantially as hereinbefore described (preferably a benzyl protected precursor 
compound of formula (H) where R represents benzyl), which process comprises subjecting a 
compound of formula (IT) to deprotection (preferably hydrogenolysis in the presence of a 
noble metal catalyst such as palladium-on-chacoal) of the carboxylic group COOR attached 
to the heterocyclic ring so as to yield the corresponding free acid, which deprotection is 
carried out in the presence of t-butylamine so as to form the t-butylamine salt of perindopril. 

Suitably a precursor compound of formula (H) is initially dissolved in an alkanol 
solvent, such as isopropanol or the like, followed by addition of the base thereto. This is 
further followed by the deprotection of 1he carboxylic group COOR suitably by the addition 
of palladium-on-charcoal and hydrogenation for several hours. The alkanol solvent is 
suitably concentrated under vacuum and replaced by a water immiscible solvent, such as 
ethyl acetate or the like. The resulting solids can then be cooled and filtered to yield a 
pharmaceutically acceptable salt of perindopril. 

The process according to the present invention substantially as hereinbefore described 
may further comprises hydrating a pharmaceutically acceptable salt of perindopril obtained 
by the process so as to yield a pharmaceutically acceptable salt of hydrated perindopril of 
formula (la) 
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wherein n is an integer of 1 to 5, or a reciprocal of integers 2 to 5. Hydration can be by way 
of the addition of water or by drying in air. 

Preferably n is 1, whereby a pharmaceutically acceptable salt of perindopril 
monohydrate is formed by a process according to the present invention. 

The present invention also provides a process for preparing a monohydrate of a 
pharmaceutically acceptable salt of perindopril, which process comprises hydrating a 
pharmaceutically acceptable salt of perindopril so as to yield said monohydrate. Hydration 
can be by way of the addition of water or by drying in air, and preferably perindopril t- 
butylamine is hydrated to yield perindopril t-butylamine monohydrate. 

The present invention further provides a pharmaceutically acceptable salt of 
perindopril optionally in hydrated form, prepared by a process substantially as hereinbefore 
described. In particular, a pharmaceutically acceptable salt of hydrated perindopril of 
formula (la) is provided 



COOH 
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wherein n is an integer of 1 to 5, or a reciprocal of integers 2 to 5. Preferably, n is 1. A 
preferred phannaceutically acceptable salt of hydrated perindopril of formula (la) is the t- 
butylamine salt In a particularly preferred embodiment, the present invention provides 
perindopril t-butylamine (or erbumine) monohydrate. 

The present invention also provides perindopril t-butylamine monohydrate having an 
X-ray dif&actogram, or substantially the same X-ray diffractogram, as set out in Figure 1. 
More particularly, perindopril t-butylamine monohydrate according to the present mventron 
can be characterised as having an X-ray powder diffraction pattern with character^ peaks 
(29): 9.5504, 14.8600, 15.7486, 16.5400, 20.0400, 21.0499, 22.0600, 24.1744, 26.3300 and 
27.1600. 

Further characterising data for perindopril t-butylamine mononydrate according to the 
present invention as obtained by X-ray diffraction is shown in following Table 1 . 



Table 1 
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Perindopril as provided by the present invention has therapeutic utility as an ACE 

inhibitor. . 

m addition, the present invention further provides a method of inhibiting ACE in a 
patient in need thereof comprising administering to said patient an effective ACE inhibitory 
amount of perindopril (preferably perindopril t-butylamine monohydrate) as provided 

according to the present invention. 

The present invention also provides use of perindopril as provided according to the 
present invention (preferably perindopril thiamine monohydrate) in the manufactore of a 

medicament for inhibiting ACE. 

A patient can be in need of treatment to inhibit ACE, for example when the patient is 
suffering from hypertension, chronic congestive heart failure, or the like. Inhibition of ACE 
reduces levels of angiotensin H and thus inhibits the vasopressor, hypertensive and 
hyperaldosteronemic effects caused thereby. Inhibition of ACE would also potentiate 
endogenous levels of bradykinin. An effective ACE inhibitory amount of perindopril as 
provided according to the present invention is that amount which is effective in inhibiting 
ACE in a patient in need thereof which results, for example, in a hypotensive effect 

In effecting treatment of a patient, perindopril as provided according to the present 
invention can be administered in any form or mode which makes the compound bioavailable 
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I. effective amounts, including oral and parenteral ron.es. For example, perindopril as 
provided according to tire present invention can be adrninisrered orally, -to"-"*; 
iutomruscularly, intravenously, transdermal*, intranasaUy, rectaUy, and the like. Oral 
admillistr ation is generally preferred One skilled in tire art of preparing fornrulations can 
readily select the proper form and mode of administration depending upon the disease s*te to 
be treated and the stage of the disease. 

Perindopril as provided according to tire present invention can be admimstered m the 
form of pharmaceutical compositions or medicaments which are prepared by combunng the 
perindonril according to the present invention with pharmaceutical!, acceptable earners, 
diluents' or events therefor, the proportion and natore of which are determined by the 
chosen route of administration, and standard pharmaceutical practice. 

In another embodiment, the present invention prevides pharmaceutical composmons 
comprising an effective ACE inhibitory amount of perindopril as provided according to the 
present invention (preferably perindopril t-butylamine monohydrate), together with one or 
more pharmaceutical* acceptable carriers, diluents or excipients therefor. 

By ■•pharmaceuticaUy acceptable" it is meant that the carrier, diluent or excipient must 
be compatible with perindopril as provided according to the present invention, and not be 
deleterious to a recipient thereof. 

The pharmaceutical compositions or medicaments are prepared in a manner well 
taown in the phannaceutical art The earner, diluent or excipient may be a solid, semr-soltd, 
OT u material, which can serve as a vehicle or medium for the active ingredient Surtable 
earners, diluent, or excipiems are well known in the art Pharmaceutical compositions 
according to the present invention may be adapted for oral or parenteral use and may be 
administered to the patient in the fonn of table*, capsules, suppositories, solutions, 

suspensions or the like. 

The pharmaceutical compositions may be administered orally, for example, with an 
inert diluent or with an edible carrier. They may be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic administration, a monohydrate 
according to the present invention may be incorporated with excipients and used in the form 
of tablets, capsules, elixirs, suspensions, syrups and the like. 

Tte tablets, pills, capsules, and the like may also contain one or more of the following 
adjuvants: binders, such as microcrystalline cellulose, gum tragacanth or gelatin; exciprents, 
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.k.rt. l-tose; disintegrating agen* such as aigUo acid, com sttrchaod tire Ito 
SL. such as magnesium steamte; gudants, such as conoida, sihcon dtoxtde; and 

— — * Whenthedosageumtfonursaeap^ 
Z addition to — of the above type, a liquid earner such as polype 

ZoTor Tm * Otirer dosage uni, fonns may con*i» other various ruatenals whtch 
S Ore phyla, form of me dosage uni, for example, as coatings. Thus, table* or pO. 
Zr be coated With sug*. shenac, or otter entenc coating asen*. A syrup may extern, m 
ZL to the active ingredient, sucrose as a sweetening agent and certain preserves 
^ais used in preparing these v«ious compositions should be pharmaceuhcaUy pure and 

tinn-toxic in the amounts used. 

L the propose of parent administiation perindopril as provided acoordntg » me 
p^nt invention may be incorporated into a solution or suspension. The sohmons or 

JL for injection, saline solution, fixed oils, polyethylene glyco.*, glycemre propylene 
Z* a -L synmefic so.ven*; antibacterial agents such as benzyl alcohol or me** 
antioxidant such as ascorbic acid or sodium bisulfite-, cheating agetfssuch* 
^2 diaminetetiuacetic acid; and buffers such as achates, citrates or phos^te, * 
palters, preparation can he ene.osed m ampou.es, disposable synnges or multiple dose 

vials made of glass or plastic. 

The pr«ent invention wDl now be further iUustiated by the followmg Frfure and 

Examoles which do not limit tire scope of the invention in any way. 

Kgurel; x^di^onpattem^perh^e^n^hyd^^ti. 

.hepresem^ention Thesample was anaiysed using a 

The source used was K« monochromatic radiation of Cu having wavelengur of 1.5406 A 
The Divergent Slit used was 1*. The Receiving SU, was 0.30mm The Schrtillation corm^ 
w ^aau,edetec to r,withtiterangeb.h« ft om3"m40U2e)wima S can S peedof2per 

minute. 



benzyl ester of ( 2S^aS,7aS)4-(2- [ Heutoxycarbony.HS>bury,antinoKS> 
promonynK.ctahydroindole-l-e.boxyhe acid, ninety benzyl perindopri., (lOgms) *- 
Z^misoplponomoom,). T „ th. c.ear solrmon, famine (2,gms) and 10,. w/w 
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palladium on charcoal (2gms) was added The reaction mixture was hydrogenated at a 

pressure of lkg/cm 2 for 2 hours. 

The reaction mass was filtered to remove the catalyst. The solvent was concentrated 
onder vacuum and isopropanol was replaced by simultaneous addition of ethyl acetate. The 
•Ofe obtained were cooled to OEC and filtered to obtain perindopril erbumine (7.8gms). 



Fxam ple 2 

Perindopril erbumine (lOgms) was suspended in acetone (80ml). To this was added 
water (0.4ml) and the contents heated to dissolve the solids and cooled to ambient. The 
resulting slurry was filtered to obtain perindopril erbumine monohydrate (9.4gms). 

Kvample 3 

Perindopril erbumine (20gms) was suspended in ethyl acetate (300ml). To this was 
added water (1.5ml) and the contents heated to dissolve the solids and cooled to 10EC. The 
resulting slurry was filtered to obtain perindopril erbumine monohydrate (17gms). 

Fvarnple 4 

Perindopril erbumine (5gms) was suspended in acetonitrile (75ml). To this was added 
water (0.4ml) and the contents heated to dissolve the solids and cooled to OEC. The resulting 
slurry was filtered to obtain perindopril eroumine monohydrate (2.9gms). 

Fvample 5 

Perindopril erbumine (20gms) was suspended in ethyl acetate (300ml). The contents 
were heated to dissolve the solids and cooled to 10EC. The resulting slurry was filtered and 
dried in air having a relative humidity of at least 75% to give perindopril erbumme 
monohydrate (17gms). 



Fvam ple 6 

Pre paration 0 f p erindopril eibxmaine Tnonohvdrate 

Raw Materials :- 

1. Perindopril erbumine anhydrous =10gm 

2. Isopropyl alcohol =70 ml. 
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3. Water 

4. Ethyl acetate 



= 2 ml. 
= 85 ml. 



Procedure :- 

1. Charge 10 gm of perindopril erbumine (anhydrous) in round bottom flask. Add 70 ml 
isopropyl alcohol. Stir for V* hr. (around 95% product dissolved). 

2. Add 2 ml of water. Stir for 15 min (clear solution obtained). 

3. Stir reaction mass at 38-40°C for 2 brs. 

4. Distill out isopropyl alcohol completely under vacuum (below 600 mm) below 40°C. 
(Gel type material observed.) 

5. Charge 30 ml ethyl acetate. Stir for 15 min below 40°C (clear solution observed). 

Distill under vacuum below 40°C (semi-solid observed). 

6. Charge 40 ml ethyl acetate at 36-38°C. Stir for 15 min (free solid observed). 

7. Stir lhr at room temperature (25-30°C). (Free crystalline solid observed.) 

8. CooltolO'C. Stirfor2hrs. 

9. Filter solid and wash with 15 ml ethyl acetate. Suck dry for 2 hrs. 

10. Dry under vacuum below 40°C for 12 hrs. 

Water Content =3.2-3.8% 
MP =145-150°C. 

F.vam ple 7 

The following tablets were prepared: 



Ingredients __j 


2mg — 1 

2 mg 
5 mg 


4 mg 

4 mg 
10 mg 


8ms 

8mg 
20 mg 


Perindopril Erbumine 

Monohydrate 

Maize starch 


Lactose anhydrous 
Macrocrystalline 
cellulose 


12.5 mg I 

25.10 mg 


25.0 mg 
50.20 mg 


100.0 mg 
100.40 mg 
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P^ure: Sift the above ingredients through respective sieves. Mix Ore ingredients 
iaasuitableblender. Compress the tablets in the suitable toobngs. 



(b) Formulation II 




Procedure: 



n Dissolve Perindopril Erbumine Monohydrate in ethanol. 

I Zle the ale ingreaienls except hydrogenafcd castor oft with the above solution, 
suitable tooling 
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CLAIMS 



1 A process for preparing a 
(D from a protected precursor compound of formula (H) 



COOR 



pharmaceutical acceptable salt of perindopril of formula 




CH 3 COOEt 



COOH 




CH 3 COOEt 



0D 



(I) 



wherein R represents a carbosyl protecting group, which process comprises subjecting a 
impound of formula 0) to deprotection of me carboxylic group COOR attached * «. 
heteLyclicringsoa.toyieldmecorrespondmgfr^^ 

in the presence of a base which forms a pharmaceutical* acceptable salt wtfh sard free 
formed by said deprotection 

4 A process according to claim 2, wherein R represents 4-halo substituted, or 4-Ci- 
4 alkoxy substituted benzyl. 

5 A process according to Cain, 4, wherein R represente «1 benzyl, or 4-meuroxy 
benzyl. 
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6 A process according to any of claims 1 to 5, wherein deprotection comprises 
hydrogenolysis in the presence of a noble metal catalyst. 

7 A process according to claim 6, wherein the noble metal catalyst comprises 
paUadium-on-chacoal. 

+ o^xr rt f riainw 1 to 7 wherein said base comprises t- 

8 A process according to any of claims 1 xo /, wu*i* 

butylamine. 

9 A process for preparing perindopril t-bolyiaroine from a proteefcd preourso, 
compound of formula (H) 




CH 3 COOEt 



00 



wherein R represents a carboxyl protecting group, which process comprises subjectnga 
compound of formula (H) to deprotection of the carboxylic group COOR attached to the 
heterocyclic ring so as to yield the corresponding free acid, which deprotection is earned out 
in the presence of t-butylamine so as to form the t-butylamine salt of penndopnl. 

10 A process according to claim 9, wherein R represents unsubstituted benzyl. 

1 1 A process according to claim 9 or 10, wherein deprotection comprises hydrogenolysis 
in the presence of palladium-on-chacoal. 
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12 A process according to any of claims 1 to 11. which further comprises hydrating a 
pharmaceutical acceptable salt of perindopril obtained by said process so as to yield a 
pharmaceutically acceptable salt of hydrated perindopril of formula (la) 



Hi""" 




oH 2 0 
(la) 

wherein n is an integer of 1 to 5, or a reciprocal of integers 2 to 5. 

13 A process according to claim 12, wherein n is 1 . 

14 A process for preparing a monohydrate of a pharmaceutically acceptable salt of 
perindopril, which process comprises hydrating a pharmaceutically acceptable salt of 
perindopril so as to yield said monohydrate. 

15 A process according to any of claims 12 to 14, wherein perindopril t-butylamine is 
hydrated to yield perindopril t-butylamine monohydrate. 

16 A pharmaceutically acceptable salt of perindopril optionally in hydrated form, 
prepared by a process according to any of claims 1 to 15. 



17 



A pharmaceutically acceptable salt of hydrated perindopril of formula (la) 
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HHiii 




(la) 

wherein n is an integer of 1 to 5, or a reciprocal of integers 2 to 5. 

18 A pnannaceutically acceptable salt according to claim 17, where n is 1. 

19 A pnannaceutically acceptable salt according to claim 17 or 18, which is the t- 
butylamine salt. 

20 Perindopril t-butylamine monohydrate. 

21 Perindopril t-butylamine monohydrate having an X-ray diffractogram, or substantially 
the same X-ray diffractogram, as set out in Figure 1 . 

22 Perindopril t-butylamine monohydrate characterised as having an X-ray powder 

, , * OfiY 9 5504 14 8600, 15.7486, 16.5400, 

diffraction pattern with characteristic peaks (28). 9.SSU4, i<*.*ou , 

20.0400, 21.0499, 22.0600, 24.1744, 26.3300 and 27.1600. 

23 A pharmaceutical composition comprising an effective ACE inhibitory amount of a 
pharmaceutically acceptable salt of perindopril according to any of claims 16 to 22, together 
with one or more pharmaceutically acceptable carriers, diluents or excipients therefor. 

24 Use of a pharmaceutically acceptable salt of perindopril according to any of claims 16 
to 22, in the manufacture of a medicament for inhibiting ACE. 
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25 A method of inhering ACE in a patient in need thereof comprising admMstering to 
said patient an effective ACE inhibitory amount of a pharmaceutical* acceptable salt of 
perindopril according to any of claims 16 to 22. 
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